High resolution MRI anatomy of the cat brain at 3Tesla  by Gray-Edwards, Heather L. et al.
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Highest  resolution  cat  MRI  anatomy  is provided  with  119  structures  in three  planes.
The  constituents  of  the  visual,  auditory  and motor  pathways  are  clearly  visualized.
Previously  unresolvable  cerebellar  and  vestibular  nuclei  are  clearly  identiﬁed.
The  detail  is sufﬁcient  to illustrate  cerebral  vasculature.
These  ﬁndings  are applicable  to  human  diseases  modeled  in the  cat.
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Background:  Feline  models  of neurologic  diseases,  such  as  lysosomal  storage  diseases,  leukodystrophies,
Parkinson’s  disease,  stroke  and  NeuroAIDS,  accurately  recreate  many  aspects  of  human  disease  allowing
for  comparative  study  of neuropathology  and  the  testing  of  novel  therapeutics.  Here  we describe  in vivo
visualization  of  ﬁne  structures  within  the  feline  brain  that  were  previously  only  visible post  mortem.
New method:  3  Tesla  MR  images  were  acquired  using  T1-weighted  (T1w)  3D magnetization-prepared
rapid  gradient  echo  (MPRAGE)  sequence  (0.4  mm  isotropic  resolution)  and  T2-weighted  (T2w)  turbo
spin  echo  (TSE)  images  (0.3 mm  ×  0.3  mm ×  1  mm  resolution).  Anatomic  structures  were  identiﬁed  based
on  feline  and  canine  histology.
Results: T2w  high  resolution  MR images  with  detailed  structural  identiﬁcation  are  provided  in transverse,
sagittal  and  dorsal  planes.  T1w  MR  images  are  provided  electronically  in  three  dimensions  for  unrestricted
spatial  evaluation.
Comparison  with  existing  methods:  Many  areas  of  the  feline  brain  previously  unresolvable  on  MRI  are
clearly  visible  in  three  orientations,  including  the dentate,  interpositus  and  fastigial  cerebellar  nuclei,
cranial  nerves,  lateral  geniculate  nucleus,  optic  radiation,  cochlea,  caudal  colliculus,  temporal  lobe,  pre-
cuneus,  spinocerebellar  tract,  vestibular  nuclei,  reticular  formation,  pyramids  and rostral  and  middle
cerebral  arteries.  Additionally,  the  feline  brain  is  represented  in  three  dimensions  for the ﬁrst  time.
Conclusions: These  data  establish  normal  appearance  of detailed  anatomical  structures  of  the  feline  brain,
which  provide  reference  when  evaluating  neurologic  disease  or testing  efﬁcacy  of  novel  therapeutics  in
animal  models.
Abbreviations: FDA, Food and Drug Administration; MRI, magnetic resonance imagin
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. Introduction
Advances in the study and treatment of neurologic disease have
requently depended upon animal modeling. While murine models
ave been vital, they do not always reproduce human anatomy or
isease faithfully (Phaneuf et al., 1996; Ohshima et al., 1997; Casal
nd Haskins, 2006). Also, mouse brain size (>1000 times smaller
han humans) and complexity necessitate testing of therapeutics in
arger animals before initiation of clinical trials. Large animal mod-
ling is a logical intermediate step between murine models and
umans because of increasing similarity in neuropathology (Baker
t al., 1971; Cork et al., 1978; Aye et al., 1998; Podell et al., 2000),
mmunology (Hein and Griebel, 2003; Costa et al., 2012; Meurens
t al., 2012) and biodistribution challenges (Vite et al., 2003).
arge animal models also facilitate longitudinal studies due to their
ncreased lifespan. For example the dog is a valuable model for neu-
ologic diseases such as glioblastoma (Candolﬁ et al., 2007), and
nother widely investigated non-rodent species is the cat. Feline
odels of neurologic disease are numerous and include Parkinson’s
isease (Schneider et al., 1986), NeuroAIDS (Abramo et al., 1995;
endinelli et al., 1995), stroke (Toyota et al., 2002; Lee et al., 2004;
trong et al., 2007), trauma (Hilton et al., 1993; Khan et al., 1999)
nd lysosomal storage diseases such as the gangliosidoses (Baker
t al., 1971; Cork et al., 1977; Martin et al., 2004; Bradbury et al.,
009, 2013a,b), mucopolysaccharidoses (Haskins et al., 1979, 1981;
itzelmann et al., 1994), alpha-mannosidosis (Burditt et al., 1980),
rabbe disease (Suzuki, 1985) and Neiman-Pick Type C (Lowenthal
t al., 1990). Feline models have provided invaluable information
bout human neurologic diseases, and novel therapeutics have
een tested in cat models for eventual clinical use (Vite et al., 2005,
011; Bradbury et al., 2013a,b; Bucher et al., 2013).
The value and expense of large animal models, and longitudinal
tudies therein, make non-invasive methods to evaluate intracra-
ial disease increasingly important. MRI, the modality of choice
or non-invasive brain imaging, has been used to evaluate disease
rogression in feline models of Parkinson’s disease (Podell et al.,
003), alpha-mannosidosis (Vite et al., 2001, 2008), hydrocephalus
Eskandari et al., 2011), cerebral edema (Fatouros and Marmarou,
999), and gangliosidosis (Kroll et al., 1995; Hasegawa et al., 2007).
lso, MRI  has been used to measure therapeutic success of AAV-
ene therapy in feline GM1  and GM2  gangliosidoses (Bradbury
t al., 2013a,b; Johnson et al., 2013; McCurdy et al., 2013) and feline
lpha-mannosidosis (Vite et al., 2005). As these therapies approach
uman clinical trials, in-depth analysis of changes within speciﬁc
rain structures will be vital for understanding effects of therapy.
urrently, the feline brain MRI  anatomy is available at reduced res-
lution from lower ﬁeld-strength MRI  (1.5 Tesla) (Mogicato et al.,
012), but advances in MRI  technology have led to high-ﬁeld
trength MRI  in neurologic disease research. MRI  at ∼3 Tesla (3 T)
s the highest ﬁeld strength currently approved by the Food and
rug Administration (FDA) for human patients and images col-
ected at this ﬁeld strength provide pronounced improvements in
mage clarity and detail in feline models. Here we  show for the
rst time high resolution (3 T) T2 weighted (T2w) MRI images of
he feline brain, including anatomical structure identiﬁcation in the
ransverse, sagittal and dorsal views. We  also include T1-weighted
T1w) imaging in three dimensions for complete spatial evaluation.
. Materials and methods
The  adult cat brain clinical anatomy was evaluated in 6 doligo-
ephalic healthy cats of various ages: 2 male intact domestic
ong-haired cats (DLH), both 13 months of age (littermates)
nd 5 female intact domestic short-haired or DLH cats ages
, 24, 31 and 47 months. The cats in this study are fromscience Methods 227 (2014) 10–17 11
experimental breeding colonies which have been meticulously
maintained for >40 years; therefore, complete medical history
was known and recorded. In addition, full physical and neurolog-
ical examinations were performed on all cats at the time of MRI
to ensure the absence of underlying systemic or neurologic dis-
ease. Cats were anesthetized using an initial intramuscular dose of
dexmedetomidine (0.04 mg/kg Pﬁzer, New York, NY) and ketamine
(10 mg/kg Fort Dodge, Overland Park, KS), and anesthesia was
maintained using isoﬂurane (Henry Schein, Dublin, OH) at 0.25–2%
with 1 L/min 100% oxygen to desired effect. Cats were placed in
sternal recumbency for MRI  scanning. Cats were humanely eutha-
nized by intravenous pentobarbital overdose (100 mg/kg Euthosol,
Virbac, Fort Worth, TX) after a pre-anesthetic dose of dexmedeto-
midine (0.04 mg/kg) and ketamine (10–20 mg/kg) which complies
with the American Veterinary Medical Association Guidelines for
Euthanasia. The brain was  then perfused through the carotid artery
with cold 0.9% sodium chloride, removed from the cranial vault and
cut into nine blocks (6 mm each) along the transverse plane. Gross
sections from cats were closely evaluated for consistency, and gross
images from a representative brain are shown. All experimental
procedures were approved by the Auburn University Institutional
Animal Care and Use Committee and followed guidelines set forth
in the National Institutes of Health Guide for the Care and Use of
Laboratory Animals.
All  MRI  scans were performed on a 3 Tesla MAGNETOM Verio
scanner (Siemens Healthcare, Erlangen, Germany) using an 8 chan-
nel phased array human wrist coil (Invivo Corp., Gainesville, FL).
Anatomical images were acquired using 3D T1w magnetization-
prepared rapid acquisition gradient echo (MPRAGE) with 0.4 mm
isotropic resolution, TR/TI/TE of 1900/900/3.3 ms,  ﬂip angle of 9
degrees, bandwidth (BW) of 170 Hz/pixel, and ﬁve averages. This
was supplemented with 2D transverse and dorsal T2w turbo spin
echo (TSE) images with 0.3 mm × 0.3 mm  × 1 mm resolution, TR/TE
of 4630/107 ms,  echo train length of 9, BW of 243 Hz/pixel, and six
averages. MRI  slices were oriented as follows: transverse sections
perpendicular to ventral aspect of brain, sagittal parallel with the
interthalamic adhesion, and dorsal parallel to ventral aspect of the
brain.
Images were reviewed using EFilm 3.2 software (Merge Health-
care, Chicago, IL). Anatomic structures were identiﬁed using a
previously published MRI-based atlas (Mogicato et al., 2012)
and the feline (Bleier, 1961; Snider and Niemer, 1970) and
canine (Singer, 1962; Buxton and Compton, 1986) histologic
atlases. Anatomical structure nomenclature follows the format
of the Illustrated Veterinary Anatomical Nomenclature (Schaller
and Constantinescu, 2007) and Nomina Anatomica Verterinaria
(I.C.V.G.A.N., 2005). Veterinary anatomical nomenclature differs
from human and, because the information contained herein is
intended for researchers in human medicine as well, the con-
version of directional terms is as follows (human = veterinary):
coronal = dorsal, axial = transverse and sagittal is consistent in both
nomenclatures (Dyce et al., 2009).
3. Results
Transverse T2w images include nine sections starting at the
frontal cortex and extending through the striatum, thalamus, occip-
ital cortex/midbrain and cerebellum/brainstem. These image slices
correspond to reference lines A–I present on the sagittal and dorsal
view localizer images (Fig. 1a–c). T2w dorsal images include eight
sections starting with the dorsal portion of the gyri and extend-
ing ventrally with clear identiﬁcation of areas within the striatum,
thalamus, cerebellar folia, hypothalamus, cerebellar nuclei, mid-
brain and brainstem, with the deepest images clearly showing the
optic and trigeminal nerves as well as pituitary gland (Fig. 2). These
12 H.L. Gray-Edwards et al. / Journal of Neuro
Fig. 1. (a) Transverse T2w images of the cat brain. Top: sagittal and dorsal localizer
denoting  location of transverse sections. These slices correlate with (a), (b) and (c).
Gross section of the cat brain (left – A and B) correlating with the unlabeled (middle)
and labeled MRI  images (right – A′ and B′). A – most rostral aspect of the frontal
cortex,  B – caudal portion of frontal cortex. Identiﬁed anatomical structures are listed
in the image key and numbering is consistent throughout images. (b) Transverse T2wscience Methods 227 (2014) 10–17
images correspond with reference lines A–H on the sagittal and
transverse localizer images (Fig. 3). T2w sagittal images include
four sections of one hemisphere (Fig. 3) starting at midline and
extending laterally. Images correspond with reference lines A–D
on the transverse and dorsal localizer images. Individual structures
are identiﬁed in three dimensions and denoted by numbers, which
correlate with the structures listed in the image key. An index of
structures arranged alphabetically is also provided.
T2w MR  images show excellent resolution and contrast between
gray/white matter and ventricular structures. Intensities of gen-
eral brain components are appropriate and clearly visualized, from
greatest to least: CSF > gray matter > white matter. Surface gyri and
sulci are easily distinguished on all images as well as deeper struc-
tures within the frontal cortex, internal capsule, caudate, striatum,
thalamus, midbrain, cerebellum and brainstem. Several areas pre-
viously reported to be unresolvable on MRI, such as the dentate,
interpositus and fastigial cerebellar nuclei and vestibular nuclei
(Mogicato et al., 2012), are clearly identiﬁed (Figs. 1c, 2 and 3). The
visual pathway is apparent starting from the optic nerve through
the chiasm and tract to the lateral geniculate nucleus and optic radi-
ation (Figs. 1b, 2 and 3). Constituents of the auditory pathway (the
cochlea, caudal colliculus, medial geniculate nucleus and temporal
lobe) are clearly shown (Figs. 1b, 2 and 3). Areas of the motor path-
ways are also visualized, including the precuneus, spinocerebellar
tract, vestibular nuclei, reticular formation, pyramids and internal
capsule (Figs. 1b, 2 and 3). The vasculature of the feline brain is
identiﬁed on MR images with clear resolution of the rostral and
middle cerebral arteries in three planes (Figs. 1b, 2 and 3).
The  feline MRI  atlas is enriched further by three-dimensional,
T1w MPRAGE images. As typical with T1-weighting, the MPRAGE
sequence exhibits hyperintense white matter as compared to gray
matter and hypointense CSF to both cortical intensities. These
images are interactive so that the reader will able to zoom, rotate,
as well as download the 3D reconstruction. Resolution of these
T1w images is comparable to that of the T2w images (Figs. 1–3)
with visualization of all gyri and sulci as well as deeper cortical
and cerebellar structures previously identiﬁed in great detail. This
supplementary online ﬁgure facilitates comparison of locations of
speciﬁc structures and evaluates their exact location in the other
planes.
4. Discussion
Higher magnetic ﬁeld strengths (3 T) have been used frequently
in both the research and clinical setting since their FDA approval
in 2000. Increased magnetic ﬁeld results in improved signal to
noise ratio (SNR), to approximately twice that of 1.5 T (Takahashi
et al., 2003). This increase of SNR translates to improved spa-
tial and contrast resolution resulting in superior visualization of
small brain lesions in various neurological conditions (Duewell
et al., 1996; Knake et al., 2005; Alvarez-Linera, 2008; Bote et al.,
2008; Woermann and Vollmar, 2009). Detailed anatomical struc-
tures, such as, the hippocampus are clearly resolved at 3 T and
this advance in technology has led to improved diagnosis of var-
ious forms of epilepsy (Knake et al., 2005; Sawaishi et al., 2005;
images of the cat brain. Sagittal and dorsal localizer denoting locations of transverse
sections  are located in (a). Gross section of the cat brain (left A–F) correlating with
the unlabeled (middle) and labeled MRI  images (right – C′–F′). C – striatum, D –
rostral  thalamus, E – caudal thalamus, and F – midbrain and occipital cortex. Iden-
tiﬁed  anatomical structures are listed in the image key and numbering is consistent
throughout  images. (c) Transverse T2w images of the cat brain. Sagittal and dorsal
localizer denoting locations of transverse sections are located in (a). Gross section
of  the cat brain (left – G–I) correlating with the unlabeled (middle) and labeled
MRI  images (right – G′–I′). G – rostral cerebellum, H – middle cerebellum, and I –
caudal  cerebellum. Identiﬁed anatomical structures are listed in the image key and
numbering is consistent throughout images.
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Fig. 2. Dorsal T2w images of the cat brain. Top: sagittal and transverse localizer denoting location of dorsal sections. Sections begin at the dorsal aspect of the brain (A) and
extend  ventrally to the caudal brainstem and spinal cord (H). Unlabeled images are located above the labeled MRI  images (denoted by prime symbol). Identiﬁed anatomical
structures are listed in the image key and numbering is consistent throughout images.
14 H.L. Gray-Edwards et al. / Journal of Neuroscience Methods 227 (2014) 10–17
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umbering is consistent throughout images.
oermann and Vollmar, 2009) multiple sclerosis (Wattjes et al.,
006), metastatic disease (Ba-Ssalamah et al., 2003) and cerebral
schemia (Kuhl et al., 2005). The detail of the visual and audi-
ory pathways provided in these images may  lend insight to the
tiology in blindness and hearing loss in animal models. For exam-
le, 3 T assessment of the integrity of the lateral lemniscus and
coustic radiation can lead to diagnosis of sensorineural hearing
oss; and tinnitus can also be diagnosed using MRI  modalities
Smits et al., 2007; Johansen-Berg and Behrens, 2009). Addition-
lly, high ﬁeld MRI  can detect optic neuritis, which is often location of dorsal sections. Sections begin on midline (A) and extend out laterally
ages (right A′–D′). Identiﬁed anatomical structures are listed in the image key and
the  ﬁrst diagnostic sign in multiple sclerosis (Vinogradov et al.,
2005).
The cat model offers many advantages in the study of neuro-
logical diseases. Organization of the cat brain is similar to that of
humans, with analogous regions of function and physiology, and
the cat brain provides certain research advantages over the mouse
brain (Bleier, 1961; Berman and Jones, 1968; Snider and Niemer,
1970; Berman, 1982; Vite et al., 2005). Several naturally occurring
cat models of neurologic disorders are currently used in transla-
tional research to test therapeutics (Ellinwood et al., 2004; Vite
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t al., 2005; Bradbury et al., 2013a,b). It has been reported that
he increased complexity and large size of the cat brain highlights
egional effects of therapy that would likely be experienced in
umans (Vite et al., 2005). As the use of high ﬁeld strength MRI
xpands in translational research, the ability to identify brain struc-
ures detailed herein will aid correlation with human disease and
ssessment of therapeutic success.
ppendix A. Image key
) English name – Latin Name (Locations identiﬁed)
) Olfactory tract – Tractus olfactorius (Fig. 1a:A′ , Fig. 2:C′ ,E′)
)  Presylvian sulcus – Sulcus presylvius (Fig. 1a:A′)
)  Cruciate sulcus – Sulcus cruciatus (Fig. 1a:A′ , Fig. 2:A′ , Fig. 3:A′)
)  Frontal gyrus – Gyrus frontalis (Fig. 1a:A′ , Fig. 2:B′ ,C′ , Fig. 3:B′)
) Rectal gyrus – Gyrus rectus (Fig. 1a:A′)
) Precuneus (Fig. 1a:B′ , Fig. 2:A′ , Fig. 3:A′)
) Longitudinal ﬁssure – Fissure longitudinalis (Fig. 1a:B′ , Fig. 2:A′)
)  Rostral suprasylvian gyrus – Gyrus suprasylvius rostralis (Fig. 1a:B′)
)  Lateral ventricle – Ventriculus lateralis (Fig. 1a:B′ , Fig. 1b:C′ ,D′ ,E′ , Fig. 2:B′ ,D′ ,
Fig.  3:D′)
0) Rhinal ﬁssure – Fissura rhinalis (Fig. 1a:B′)
1) Corpus callosum (Fig. 1b:C′ ,E′)
2) Cingulate gyrus – Gyrus cinguli (Fig. 1a:B′ , Fig. 1b:C′D′E′F′ , Fig. 2:A′ ,
Fig. 3:A′B′
3) Caudate nucleus – Nucleus caudatus (Fig. 1b:C′ , Fig. 2:B′ ,C′ ,D′ ,E′ , Fig. 3:B′)
4)  Putamen (Fig. 1b:C′ , Fig. 2:E′)
5)  Accumbens nucleus – Nucleus accumbens (Fig. 1b:C′)
6)  Optic nerve – Nervus opticus (Fig. 1b:C′ , Fig. 2:F′ , Fig. 3:B′)
7)  Corona radiata (Fig. 1b:C′ , Fig. 3:D′)
8) Coronal sulcus – Sulcus coronalis (Fig. 1b:C′)
9) Post-cruciate sulcus – Sulcus postcruciatus (Fig. 1b:C′)
0)  Rostral ectosylvian gyrus – Gyrus ectosylvius rostralis (Fig. 1b:C′)
1)  Optic chiasm – Chiasma opticum (Fig. 1b:D′ , Fig. 2:F′ , Fig. 3:A′)
2)  Mammillary body – Corpus mamillare (Fig. 1b:D′ , Fig. 3:A′)
3)  Amygdala (Fig. 1b:D′ , Fig. 2:F′ , Fig. 3:D′)
4) Thalamus (Fig. 1b:D′E′ , Fig. 2:C′ , Fig. 3:B′ ,C′)
5) Endopeduncular nucleus – Nucleus endopenduncularis (Fig. 1b:D′)
6) Hypothalamus (Fig. 1b:D′ , Fig. 2:F′ , Fig. 3:B′C′)
7) Stria medularis thalami (Fig. 1b:D′)
8) Choroid artery (Fig. 1b:D′)
9) Hippocampus (Fig. 1b:D′ ,E′F′ , Fig. 2:B′ , Fig. 3:A′ ,B′ ,C′)
0)  Corpus callosum radiation – Radiatio corpus callosi (Fig. 1b:D′)
1)  Suprasylvian gyrus – Gyrus suprasylvius (Fig. 1b:D′F′ , Fig. 2A′ , Fig. 3:C′ ,D′)
2)  Ectosylvian gyrus – Gyrus ectosylvius (Fig. 1b:D′ , Fig. 2:A′ , Fig. 3:D′)
3)  Suprasplenial gyrus- Gyrus suprasplenialis (Fig. 1b:D′ ,E′ ,F′ , Fig. 3:B′)
4)  Splenial gyrus – Gyrus splenialis (Fig. 1b:D′ ,E′ ,F′ , Fig. 2:A′ , Fig. 3:A′)
5) Temporal lobe – Lobus temporalis (Fig. 1b:D′)
6) Mesencephalic aqueduct – Aqueductus mesencephali (Fig. 1b:E′ ,F′ , Fig. 2:E′ ,
Fig. 3:A′)
7) Lateral geniculate nucleus – Nucleus geniculatus lateralis (Fig. 1b:E′ ,
Fig. 2:C′D′)
8) Optic radiation – Radiatio optica (Fig. 1b:E′ ,F′)
9) Rostral sigmoidean gyrus – Gyrus sigmoideus rostralis (Fig. 2:A′)
0) Parahippocampal gyrus – Gyrus parahippocampalis (Fig. 1b:E′)
1)  Lateral sulcus – Sulcus lateralis (Fig. 1b:D′ ,F′)
2) Suprasylvian sulcus – Sulcus suprasylvius (Fig. 1b:D′ ,F′ , Fig. 2:A′)
3)  Choroid plexus – Tela choroidea (Fig. 1b:E′ , Fig. 2:B′)
4)  Pulivinar nucleus – Nucleus pulvinaris (Fig. 1b:E′)
5)  Medial geniculate nucleus – Nucleus geniculatus medialis (Fig. 1b:E′ ,
Fig. 2:E′)
6) Substantia nigra (Fig. 1b:E′ , Fig. 2F′)
7) Periaqueductal gray- Substantia grisea centralis (Fig. 1b:F′)
8)  Rostral colliculus – Colliculus rostralis (Fig. 1b:F′ , Fig. 2:C′ ,D′ ,E′ , Fig. 3:B′)
9)  Pons (Fig. 1b:F′ , Fig. 2:G′ ,H′ , Fig. 3:A′ ,B′ ,C′)
0)  Middle cerebellar peduncle – Pedunculus cerebellaris medius (Fig. 1b:F′)
1) Mesencephalon (Fig. 1b:F′ , Fig. 3:A′)
2) Splenial sulcus – Sulcus splenialis (Fig. 1b:E′F′ , Fig. 3:A′)
3) Occipital cortex – Cortex occipitalis (Fig. 1b:F′ , Fig. 1c:G′ , Fig. 3:B′)
4)  Caudal colliculus – Colliculus caudalis (Fig. 1b:F′ , Fig. 2:D′ ,E′ , Fig. 3:B′)
5)  Rostral colliculus commissure – Commissura colliculus rostralis (Fig. 1b:F′ ,
Fig. 2:D′)
6) Flocculus (Fig. 2:F′)
7)  Caudal colliculus commissure – Commissura colliculus caudalis (Fig. 2:D′)
8) Lingula (Fig. 1c:G′ , Fig. 2:F′ , Fig. 3:A′)
9) Cochlear nucleus – Nucleus cochlearis (Fig. 1c:G′)
0)  Pyramids – Pyramis (Fig. 1c:G′ ,I′ , Fig. 3:B′)science Methods 227 (2014) 10–17 15
61)  Medial longitudinal fasciculus – Faciculus longitudinalis medialis (Fig. 1c:G′)
62) Vestibular nucleus – Nucleus vestibularis (Fig. 1c:G′ ,H′)
63)  Caudal cerebellar peduncle – Pedunculus cerebellaris caudalis (Fig. 1c:G′)
64) Dorsal nucleus of the trapezoid body – Nucleus dorsalis corporis trapezoidei
(Fig. 1c:G′)
65)  Medulla oblongata (Fig. 1c:G′ , Fig. 3:A′)
66) Rostral cerebellum – Lobulus centralis (Fig. 1c:G′ , Fig. 2:C′ ,E′)
67)  Paraﬂocculus (Fig. 1c:G′)
68) Fastigial nucleus – Nucleus fastigii (Fig. 1c:H′ , Fig. 2:E′)
69)  Interpositus nucleus – Nucleus interpositus (Fig. 1c:H′ , Fig. 2:E′ ,F′)
70)  Dentate nucleus – Nucleus dentatus (Fig. 1c:H′ , Fig. 2:E′ ,F′)
71)  Nodulus (Fig. 1c:H′ , Fig. 3:A′)
72)  Ramus of suprasylvian gyrus (Fig. 2:A′)
73) Olivary nucleus – Nucleus olivaris (Fig. 1c:H′)
74) Reticular formation – Formatio reticularis (Fig. 1c:H′ ,I′ , Fig. 3:B′)
75)  Optic tract – Tractus opticus (Fig. 2:F′)
76) Spinocerebellar tract – Tractus spinocerebellaris (Fig. 1c:H′ ,I′)
77)  Vermis (Fig. 1c:I′ , Fig. 2C′ ,D′)
78)  Fourth ventricle – Ventricularis quartus (Fig. 1c:H′ ,I′ , Fig. 3:A′)
79)  Spinal tract of trigeminal nerve – Tractus spinalis n. trigemini (Fig. 1c:I′)
80) Paramedian lobule – Lobulus paramedianus (Fig. 1c:I′ , Fig. 2:F′)
81)  Ansiform lobule – Lobulus ansiformis (Fig. 1c:I′ , Fig. 2:F′)
82)  Internal capsule – Capsula interna (Fig. 1b:C′ , Fig. 2:B′ ,C′ ,D′ ,E′)
83) Third ventricle – ventral part – Ventricularis tertius (Fig. 1b:D, Fig. 2:E′)
84) Third ventricle – dorsal part – Ventricularis tertius (Fig. 1b:D′ , Fig. 3:A′)
85)  Crus cerebri (Fig. 1b:E′)
86)  Ventral part of hippocampus (Fig. 1b:D′ ,E′ , Fig. 2:E′F′ ,  Fig. 3:D′)
87) Olfactory bulb – Bulbus olfactorius (Fig. 2:D′E′ , Fig. 3:A′)
88) Parolfactory gyrus- Gyrus parolfactorius (Fig. 2:E′ , Fig. 3:A′)
89)  Post-lateral gyrus (Fig. 2:A′)
90) Post-cruciate gyrus – gyrus postcruciatus (Fig. 2:A′ , Fig. 3:B′)
91)  Post-lateral sulcus (Fig. 2:A′)
92) Pineal gland – Glandula pinealis (Fig. 2:C′)
93) Splenium of corpus callosum – Splenium corporis callosi (Fig. 2:B′ Fig. 3:A′)
94) Genu of corpus callosum – Genu corporis callosi (Fig. 2:B′ , Fig. 3:A′)
95)  Cerebellum (Fig. 2:B′)
96)  Interthalamic adhesion – Adhesio interthalami (Fig. 2:C′ ,D′ ,E′ Fig. 3:A′)
97)  Cerebellar hemisphere – Hemispherium cerebelli (Fig. 2:C′ ,D′ , Fig. 3D′)
98)  Pyriform lobe – Lobus piriformis (Fig. 2:F′)
99) CN V – Trigeminal nerve – Nervus trigeminus (Fig. 2:G′)
100)  Uvula (Fig. 2:E′ ,F′ , Fig. 3:A′)
101)  Middle cerebral artery (Fig. 2:B′ ,F′)
102) Pituitary – Hypophysis (Fig. 2:G′ , Fig. 3:A′)
103) Central canal – Canalis centralis (Fig. 2:H′ , Fig. 3:A′)
104) Septum – Septum telencephali (cellulare) (Fig. 2:C′ , Fig. 3A′)
105)  Fornix (Fig. 3:A′)
106)  Tectum of mesencephalon – Tectum mesencephali (Fig. 3:A′)
107)  Lateral lemniscus – Lemniscus lateralis (Fig. 2:F′)
108)  Medullary velum – Velum medullare (Fig. 3:A′)
109) Rostral commissure – Commissura rostralis (Fig. 2:E′ , Fig. 3:A′)
110)  Spinal cord – Medulla spinalis (Fig. 3:A′)
111) Primary ﬁssure – Fissura prima (Fig. 3:A′)
112) Rostral cerebral artery (Fig. 2:D′ ,F′ , Fig. 3:B′)
113) Cochlea (Fig. 3:D′)
114)  Cerebellar white matter – (Fig. 3:A′ ,B′)
115) Oculomotor nerve – Nervus oculomotorius (Fig. 3:B′)
116)  Pes mesencephali (Fig. 3:B′)
117) Trapezoid body – Corpus trapezoideum (Fig. 3:B′)
118)  Cerebellar peduncles (Fig. 3:C′)
119) Marginal gyrus – Gyrus Marinalis (Fig. 3:A′)
Appendix B. Index
English name – Latin Name # (Locations identiﬁed)
Accumbens nucleus – Nucleus accumbens #15 (Fig. 1b:C′)
Amygdala  #23 (Fig. 1b:D′ , Fig. 2:F′ , Fig. 3:D′)
Ansiform lobule – Lobulus ansiformis #81 (Fig. 1c:I′ , Fig. 2:F′)
Caudal  cerebellar peduncle – Pedunculus cerebellaris caudalis #63 (Fig. 1c:G′)
Caudal colliculus – Colliculus caudalis #54 (Fig. 1b:F′ , Fig. 2:D′ ,E′ , Fig. 3:B′)
Caudal  colliculus commissure – Commissura colliculus caudalis #57 (Fig. 2:D′)
Caudate nucleus – Nucleus caudatus #13 (Fig. 1b:C′ , Fig. 2:B′ ,C′ ,D′ ,E′ , Fig. 3:B′)
Central canal – Canalis centralis #103 (Fig. 2:H′ , Fig. 3:A′)
Cerebellar hemisphere – Hemispherium cerebelli #97 (Fig. 2:C′ ,D′ , Fig. 3D′)
Cerebellar  peduncles #118 (Fig. 3:C′)
Cerebellar white matter #114 (Fig. 3:A′ ,B′)
Cerebellum #95 (Fig. 2:B′)
Choroid artery #28 (Fig. 1b:D′)
Choroid plexus – Tela choroidea #43 (Fig. 1b:E′ , Fig. 2:B′)
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ingulate gyrus – Gyrus cinguli #12 (Fig. 1a:B′ , Fig. 1b:C′ ,D′ ,E′ ,F′ , Fig. 2:A′ ,
Fig. 3:A′B′
N V – Trigeminal nerve – Nervus trigeminus #99 (Fig. 2:G′)
ochlea  #113 (Fig. 3:D′)
ochlear  nucleus – Nucleus cochlearis #59 (Fig. 1c:G′)
orona  radiata #17 (Fig. 1b:C′ , Fig. 3:D′)
oronal sulcus – Sulcus coronalis #18 (Fig. 1b:C′)
orpus callosum #11 (Fig. 1b:C′ ,E′)
orpus callosum radiation – Radiatio corpus callosi #30 (Fig. 1b:D′)
ruciate sulcus – Sulcus cruciatus #3 (Fig. 1a:A′ , Fig. 2:A′ , Fig. 3:A′)
rus  cerebri #85 (Fig. 1b:E′)
entate  nucleus – Nucleus dentatus #70 (Fig. 1c:H′ , Fig. 2:E′ ,F′)
orsal nucleus of the trapezoid body – Nucleus dorsalis corporis trapezoidei #64
(Fig. 1c:G′)
ctosylvian gyrus – Gyrus ectosylvius #32 (Fig. 1b:D′ , Fig. 2:A′ , Fig. 3:D′)
ndopeduncular nucleus – Nucleus endopenduncularis #25 (Fig. 1b:D′)
astigial nucleus – Nucleus fastigii #68 (Fig. 1c:H′ Fig. 2:E′)
locculus #56 (Fig. 2:F′)
ornix  #105 (Fig. 3:A′)
ourth  ventricle – Ventricularis quartus #78 (Fig. 1c:H′ ,I′ , Fig. 3:A′)
rontal  gyrus – Gyrus frontalis #4 (Fig. 1a:A′ , Fig. 2:B′ ,C′ , Fig. 3:B′)
enu of corpus callosum – Genu corporis callosi #94 (Fig. 2:B′ , Fig. 3:A′)
ippocampus  #29 (Fig. 1b:D′ ,E′F′ , Fig. 2:B′ , Fig. 3:A′ ,B′ ,C′)
ypothalamus  #26 (Fig. 1b:D′ , Fig. 2:F′ , Fig. 3:B′C′)
nternal capsule – Capsula interna #82 (Fig. 1b:C′ , Fig. 2:B′ ,C′ ,D′ ,E′)
nterpositus nucleus – Nucleus interpositus #69 (Fig. 1c:H′ , Fig. 2:E′ ,F′)
nterthalamic adhesion – Adhesio interthalami #96 (Fig. 2:C′ ,D′ ,E′ , Fig. 3:A′)
ateral  geniculate nucleus – Nucleus geniculatus lateralis #37 (Fig. 1b:E′ ,
Fig. 2:C′ ,D′)
ateral lemniscus – Lemniscus lateralis #107 (Fig. 2:F′)
ateral  sulcus – Sulcus lateralis #41 (Fig. 1b:D′ ,F′)
ateral ventricle – Ventriculus lateralis #9 (Fig. 1a:B′ , Fig. 1b:C′ ,D′ ,E′ , Fig. 2:B′ ,D′ ,
Fig. 3:D′)
ingula #58 (Fig. 1c:G′ , Fig. 2:F′ , Fig. 3:A′)
ongitudinal ﬁssure – Fissure longitudinalis #7 (Fig. 1a:B′ , Fig. 2:A′)
ammillary  body – Corpus mamillare #22 (Fig. 1b:D′ , Fig. 3:A′)
arginal  gyrus – Gyrus Marinalis #119 (Fig. 3:A′)
edial geniculate nucleus – Nucleus geniculatus medialis #45 (Fig. 1b:E′ ,
Fig. 2:E′)
edial longitudinal fasciculus – Faciculus longitudinalis medialis #61
(Fig. 1c:G′)
edulla oblongata #65 (Fig. 1c:G′ , Fig. 3:A′)
edullary velum – Velum medullare #108 (Fig. 3:A′)
esencephalic aqueduct – Aqueductus mesencephali #36 (Fig. 1b:E′ ,F′ , Fig. 2:E′ ,
Fig. 3:A′)
esencephalon #51 (Fig. 1b:F′ , Fig. 3:A′)
iddle cerebellar peduncle – Pedunculus cerebellaris medius #50 (Fig. 1b:F′)
iddle cerebral artery #101 (Fig. 2:B′ ,F′)
odulus #71 (Fig. 1c:H′ , Fig. 3:A′)
ccipital  cortex – Cortex occipitalis #53 (Fig. 1b:F′ , Fig. 1c:G′ , Fig. 3:B′)
culomotor  nerve – Nervus oculomotorius #115 (Fig. 3:B′)
lfactory  bulb – Bulbus olfactorius #87 (Fig. 2:D′E′ , Fig. 3:A′)
lfactory tract – Tractus olfactorius #1 (Fig. 1a:A′ , Fig. 2:C′ ,E′)
livary nucleus – Nucleus olivaris #73 (Fig. 1c:H′)
ptic chiasm – Chiasma opticum #21 (Fig. 1b:D′ , Fig. 2:F′ , Fig. 3:A′)
ptic  nerve – Nervus opticus #16 (Fig. 1b:C′ , Fig. 2:F′ , Fig. 3:B′)
ptic radiation – Radiatio optica #38 (Fig. 1b:E′ ,F′)
ptic tract – Tractus opticus #75 (Fig. 2:F′)
araﬂocculus #67 (Fig. 1c:G′)
arahippocampal gyrus – Gyrus parahippocampalis #40 (Fig. 1b:E′)
aramedian lobule – Lobulus paramedianus #80 (Fig. 1c:I′ , Fig. 2:F′)
arolfactory  gyrus – Gyrus parolfactorius #88 (Fig. 2:E′ , Fig. 3:A′)
eriaqueductal gray – Substantia grisea centralis #47 (Fig. 1b:F′)
es  mesencephali #116 (Fig. 3:B′)
ineal gland – Glandula pinealis #92 (Fig. 2:C′)
ituitary – Hypophysis #102 (Fig. 2:G′ , Fig. 3:A′)
ons #49 (Fig. 1b:F′ , Fig. 2:G′ ,H′ , Fig. 3:A′ ,B′ ,C′)
ost-cruciate gyrus – gyrus postcruciatus #90 (Fig. 2:A′ , Fig. 3:B′)
ost-cruciate sulcus – Sulcus postcruciatus #19 (Fig. 1b:C′)
ost-lateral gyrus #89 (Fig. 2:A′)
ost-lateral sulcus #91 (Fig. 2:A′)
recuneus #6 (Fig. 1a:B′ ,science Methods 227 (2014) 10–17
Fig. 2:A′ , Fig. 3:A′)
Presylvian sulcus – Sulcus presylvius #2 (Fig. 1a:A′)
Primary ﬁssure – Fissura prima #111 (Fig. 3:A′)
Pulivinar nucleus – Nucleus pulvinaris #44 (Fig. 1b:E′)
Putamen #14 (Fig. 1b:C′ , Fig. 2:E′)
Pyramids  – Pyramis #60 (Fig. 1c:G′ ,I′ , Fig. 3:B′)
Pyriform lobe – Lobus piriformis #98 (Fig. 2:F′)
Ramus of suprasylvian gyrus #72 (Fig. 2:A′)
Rectal gyrus – Gyrus rectus #5 (Fig. 1a:A′)
Reticular formation – Formatio reticularis #74 (Fig. 1c:H′ ,I′ , Fig. 3:B′)
Rhinal  ﬁssure – Fissura rhinalis #10 (Fig. 1a:B′)
Rostral cerebellum – Lobulus centralis #66 (Fig. 1c:G′ , Fig. 2:C′ ,E′)
Rostral cerebral artery #112 (Fig. 2:D′ ,F′ Fig. 3:B′)
Rostral colliculus – Colliculus rostralis #48 (Fig. 1b:F′ , Fig. 2:C′ ,D′ ,E′ , Fig. 3:B′)
Rostral  colliculus commissure – Commissura colliculus rostralis #55 (Fig. 1b:F′ ,
Fig. 2:D′)
Rostral commissure – Commissura rostralis #109 (Fig. 2:E′ , Fig. 3:A′)
Rostral  ectosylvian gyrus – Gyrus ectosylvius rostralis #20 (Fig. 1b:C′)
Rostral  sigmoidean gyrus – Gyrus sigmoideus rostralis #39 (Fig. 2:A′)
Rostral suprasylvian gyrus – Gyrus suprasylvius rostralis #8 (Fig. 1a:B′)
Septum  – Septum telencephali (cellulare) #104 (Fig. 2:C′ , Fig. 3A′)
Spinal  cord – Medulla spinalis #110 (Fig. 3:A′)
Spinal tract of trigeminal nerve – Tractus spinalis n. trigemini #79 (Fig. 1c:I′)
Spinocerebellar tract – Tractus spinocerebellaris #76 (Fig. 1c:H′ ,I′)
Splenial  gyrus – Gyrus splenialis #34 (Fig. 1b:D′ ,E′ ,F′ , Fig. 2:A′ , Fig. 3:A′)
Splenial sulcus – Sulcus splenialis #52 (Fig. 1b:E′F′ , Fig. 3:A′)
Splenium of corpus callosum – Splenium corporis callosi #93 (Fig. 2:B′ Fig. 3:A′)
Stria medularis thalami #27 (Fig. 1b:D′)
Substantia nigra #46 (Fig. 1b:E′ , Fig. 2:F′)
Suprasplenial gyrus – Gyrus suprasplenialis #33 (Fig. 1b:D′ ,E′ ,F′ , Fig. 3:B′)
Suprasylvian gyrus – Gyrus suprasylvius #31 (Fig. 1b:D′ ,F′ , Fig. 2:A′ , Fig. 3:C′ ,D′)
Suprasylvian sulcus – Sulcus suprasylvius #42 (Fig. 1b:D′ ,F′ , Fig. 2:A′)
Tectum  of mesencephalon – Tectum mesencephali #106 (Fig. 3:A′)
Temporal  lobe – Lobus temporalis #35 (Fig. 1b:D′)
Thalamus #24 (Fig. 1b:D′ ,E′ , Fig. 2:C′ , Fig. 3:B′ ,C′)
Third ventricle – dorsal part – Ventricularis tertius #84 (Fig. 1b:D′ , Fig. 3:A′)
Third  ventricle – ventral part – Ventricularis tertius #83 (Fig. 1b:D′ , Fig. 2:E′)
Trapezoid  body – Corpus trapezoideum #117 (Fig. 3:B′)
Uvula  #100 (Fig. 2:E′ ,F′ , Fig. 3:A′)
Ventral  part of hippocampus #86 (Fig. 1b:D′ ,E′ , Fig. 2:E′ ,F′ ,  Fig. 3:D′)
Vermis #77 (Fig. 1c:I′ , Fig. 2C′ ,D′)
Vestibular  nucleus – Nucleus vestibularis #62 (Fig. 1c:G′ ,H′)
Appendix C. Supplementary data
Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/
j.jneumeth.2014.01.035.
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